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SOME OBSERVATIONS ON EUROPEAN 
WATER-POWER PRACTICE 


By ALBERT J. R. Houston * 


(Presented September 22, 1926) 


I SHALL attempt to indicate some of the features of European 
water-power practice that came to my attention during three years of 
study, work and travel in Switzerland, France, Germany and Spain. 
The data obtained were very freely given; access to the plants and 
construction sites, as well as employment, was readily obtained. 

The subject matter presented is limited in scope, being a record of 
personal observation rather than a complete description, but it is hoped 
that a basis will be furnished for an interesting discussion. The se- 
quence of description of the various plants will be from intake to dis- 
charge, beginning with the structures for high head plants. 

(1) Dams. — The hydraulic fill dam, although not unknown in 
Europe, is comparatively rare; and masonry dam practice is not unlike 


‘that in the United States. A few years ago probably more dams were 


built straight, with expansion joints, but a growing tendency seems to 
exist to curve them in plan. Portland cement concrete is used as a 
rule, although in France a good deal of slack cement is employed in all 
kinds of unreinforced concrete. There is a marked tendency, especially 
where public or semi-public funds are used, to adopt a conservative 
gravity section. Barberine't and the proposed Grimsel Dam? in 
Switzerland, and Chevanon? and the dams on the Rhone in France, are 
good examples of this. Camarasa,’ in Spain, is an example of a very 
conservative dam, built so by a private company because it was forced 
on them in order to obtain the approval of public works authorities. 
The methods of calculating gravity dams are not very different 
from those employed here. Mr. Creager’s book has been translated 


* With Stone & Webster, Inc., Boston, Mass. 
+ Numbers refer to the bibliography on pages 353 and 354. 
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into French and is reported to be considerably used. M. Dégove’s 
study, “‘Les Grands Barrages en Maconerie aux Etats Unis,’’® is inter- 
esting as representing the reaction of a continental to our methods. 
Most of the dams in France conform to the precept of M. Maurice Levy 
that the compression at the upstream face must at any point be equal 6 
or greater than the pressure of the water at that point. This generally 
means that the upstream face will have a slight batter. 


Fic. 2. — Tirso DAM — SECTION THROUGH ONE OF THE 
TURBINE Rooms 


From: — Schweizer. Bauzeitung, 1924 


However, the site and the government permitting, some very 
economical arch dams have been built. The one at Montsalvans on the 
Jogne, for the Broc® plant in Switzerland, and the Montejoque Dam’ in 
Malaga, are two very notable examples. Both were built by Mr. H. E. 
Gruner of Basle, and conform to the published theory of his associate, 
Mr. Stucky.’ In the case of the Broc dam, both pyrometer and de- 
flection readings were taken during the setting of the concrete and 
while the reservoir was filling. 

Multiple arch dams are also finding considerable favor, especially in 
Italy. The new dam just built in Sardinia® is a notable example. The 
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failure of the Gleno Dam" has not greatly jeopardized the popularity 
of the multiple arch construction, as it is generally agreed that this 
particular job was both poorly designed and badly executed. 
Temporary flashboards that go out in a freshet are an essentially 
American development and are seldom seen in Europe. Usually some 


Fic. 3. — FLoatinc CONCRETE SEcTOR GATE AT 
CAMARASA, SPAIN 


From: — Ingenieria y Construccién, January, 1926 


sort of gate is used. The siphon spillway is said to be an Italian inven- 
tion and its popularity is increasing. Waggital"™ is an example of a 
new installation. There are a great many so-called automatic gates}? 
in use. The experience at Broc, Mihleberg, Tremp,!? and Camarasa 
would seem to indicate that the automatic feature is sede employed. 


a 
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Probably one reason for this is that after a plant has been established 
for some time, the characteristics of the watershed become pretty well 
known, and it is often advantageous to move the gates before the reser- 
voir level actually begins to change. But at any rate, the ease with 
which these gates may be operated constitutes a distinct advantage. 
One of the newest and most interesting of this type of gate is that in- 
stalled at the Camarasa™ plant of the Barcelona Light, Power and 
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Fic. 4. — FLOATING CONCRETE SECTOR GATE AT CAMARASA, SPAIN 
From: — Ingenieria y Construccién, January, 1926 


Traction Company, by Stauwehr, A.G., of Zurich. The gates are of | 
the sector type, built of reinforced concrete, and float. Because the 
hinge is continuous, the water thrust is distributed over the entire 
spillway and the gates may be made quite long, which reduces the 
number of abutments and consequently the necessary length of the 
De ei of placing the concrete in dams are usually not radically 
different from those in this country, although in Germany concrete is 


-more often placed by aerial cableways than with towers and chutes. 


In Switzerland and France both methods are usually used together. 
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In the Alps, material is often brought long distances by aerial cableway, 
the Barberine!® job being a good example of this. : 

(2) Stitt REMOVAL BASINS. — Glacier water is almost always dirty, 
because of the rubbing of the glacier against the mountain as It slowly 


Fic. 5. — AERIAL CABLEWAY FOR TRANSPORTING 
MATERIAL TO BARBERINE DAM 


From: — Schweizer. Bauzeitung, 1923 


moves. This grit constitutes a serious peril to long turbine life, and 
consequently there have been developed a number of devices for re- 
moving the material in suspension from the water. This usually takes 
the form of an arrangement to reduce the velocity evenly across the 
entire section of flow, after which baffles force the water downwards 
and then upwards. The inertia of the particles takes them to the 
bottom. The installations developed by Mr. Biichi" of Zurich and by 
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Mr. Dufour” of Lausanne may be mentioned as being very highly 
perfected. 4 
(3) TunNELs. — Hand mucking is the rule in most power tunnels 
which, in European practice, are seldom of very large bore. This is 
considered more economical than machine mucking because of the 
low cost of labor. In Switzerland, where wages are perhaps higher 
than anywhere else in Europe, a good hard rock miner gets about twenty 
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Fic. 6.— Durour Tyre Sirt REMovAL BASIN 
Yanacoto Plant on the Rio Rimac in Peru— Capacity, 700 cubic feet per second 
From: — Schweizer. Bauzeitung, 1924 


cents an hour. Consequently, with hand work, it is desirable to have the 
mucking go on continuously. Therefore, hand drills are also used in 
order that the miners may start in on top of the muck pile. Four to 
_ five yards a day in a medium-sized two-drill heading constitutes good 
progress. Many of the early Alpine tunnels were built with the Flott- 
man, a German drill. The Atlas, from Stockholm, is the air drill at 
present most in favor there,— apparently largely because of its low 
price. I-R jack-hammers are very popular in France and Spain. The 
Tunnel du Rove!’ of the Rhéne Canal at Marseilles was an exception to 
general practice, being a very large bore tunnel where machine mucking 
and many modern refinements were used. 
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Pressure tunnels are being more generally and heavily lined than 
formerly. The leakage from the Ritom tunnel has prompted the Swiss 
Federal Railways to make some rather extensive tests. Parts of various 
tunnels were blocked off, water pumped in under pressure, and expan- 
sion readings taken. The general interpretation of the results seems 
to be that when a tunnel is to be lined at all, enough reinforcing should 
be used to take care of all the pressure, — also that grouting behind the 
lining should be thoroughly and carefully done. The Illsee-Turtmann” 
development is an example of a tunnel in which a pipe line has been 


Fic. 7. — PENstocK ARCHED ACROSS THE GORGE OF THE VEYTON 
(IsERE), FRANCE 


placed. Such an expedient is of course practical only when small quanti- 
ties of water are involved, as is the case there. 

(4) SurGE Tanks. — The differential principle is little known, 
although Mr. Gruner has built a couple of tanks in Austria whose action 
is really similar to that of the Johnson.2!- Some companies have de- 
manded such close regulation with a sudden increase in load that a 
number of chambers have been built to act somewhat like the steam- 
chest of a steam turbine. These surge tanks have large chambers, at 
an elevation between the top of the penstock and the hydraulic gradient, 
which supply the water for an increase in load.22. For the calculation 
of surge chambers, the Prasil formula2* seems to be one of the most 
used. There have also been published various graphical methods.”4 

(5S) PENnstocks. — The writer did not notice any very great differ- 
ences between European and American penstock practice. A great 
deal of welded and some banded pipe is used. One continental manu- 
facturer of the latter product has recently had considerable success 
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in this country.2> One or two cases where a pipe line had to cross a 
canyon and was arched to support its own weight may be mentioned 
as interesting novelties. It does not seem to be thought so essential 
to have a penstock for each unit — manifolds being more generally 
the rule than here. 

(6) VALvEs. — A great many butterfly valves are used. A number 
of firms are also making some sort of balanced valve similar to the 
Johnson or those developed by our own Reclamation Service. Among 
these may be listed: The English Electric Company, Schneider, Neyret- 
Beylier & Piccard-Pictet, Constructions Eléctriques de France, and von 
Roll. The Escher Wyss rotary valve has had considerable success and 


Fic. 8. — EscHER Wyss RoTARY PENSTOCK VALVE 
Left — Section showing valve closed 
Right — View showing valve open 
Courtesy of Mr. Charles C. Egbert, Niagara Falls, N. Y. 


is rather interesting. It is somewhat like a petcock in that a short 
section of the pipe rotates on a horizontal axis. Tightness is secured 
by hydraulic pressure from the penstock, which forces a circular cover 
~ over the downstream opening of the penstock. It is usually used only 
_as a penstock valve or in places where it will always be either wide open 
or completely closed. Neyret-Beylier & Piccard-Pictet” have recently 
started the manufacture of a valve similar, except that tightness is 
secured by rotating the valve on an eccentric axis. ; 
(7) PELTON WHEELS. — The Pelton wheel, properly speaking, 
came from America to Europe, and has been very intensively developed 
there. With the aid of several well-equipped laboratories which have 
been in existence a number of years, it has been brought to the point of 
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Fic. 9. — DousLe PELTON WHEEL FOR THE AMSTEG PLANT OF THE Swiss FEDERAL RAILWAYS 


14,300 h.p., 3334 r.p.m., head 905 ft. 
From: — Bulletin Technique de la Suisse Romande, 1923 
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giving very high efficiencies — even under part loads. The impulse 


wheel seems to be preferred for power for traction work, when there is 
a choice,” because of this high part load efficiency and because of ease 
of governing. 

The writer has never seen a double-overhung job in Europe. When 
multiple wheels are used apparently they are always placed side by side. 
In one case — Schwarzenbach® in the German Black Forest — three 
wheels with two nozzles apiece are used. A number of vertical shaft 
installations have also been built. The Fully” plant is the classic example 


Fic. 10. — WHEEL FOR THE FULLY 
PLANT 


Showing method of attaching the buckets 
— 500 r.p.m., diam. 12.2 ft. (about) 


of a very high head installation. The head is about 5,400 feet and the 


wheels were designed to run at a little more than 0.50 V2 gh instead 
of a little less, in order to reduce the runaway speed. 
In larger wheels, where the buckets are cast separately, it seems 


customary to fit a key between each bucket so that the thrust will be 


distributed over the entire ring. Sometimes the buckets are fastened 


‘on with rings shrunk over the shoulders on both sides. At least one 


firm is using taper bolts. Speeds seem to run a little higher than is 


customary with us. The Lac d’06 plant in the Pyrenees runs at a speed 


of 1,500 r.p.m.*° 
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The standard form of regulation is a combined needle nozzle and 
deflector. The deflector diverts the jet or a portion of it from the wheel, 
while the needle closes slowly. Auxiliary overspeed safety devices are 
also often installed. The Seewer*! regulating device consists of vanes 
which project into the nozzle and change the jet into a spray. The 
turbines built by the English Electric Company for the Tata punt near 
Bombay are so equipped. 

(8) Low Heap Dams.— Some cylindrical gates, some sector 
gates, and a few of the automatic gates* above mentioned have been 
installed. But the double or triple stony roller gates are much more 
common in low head developments. They are usually operated from 
above rather than from below, as at Gatun, for instance. All kinds of 
expedients have been adopted to prevent erosion just below the toe of 
the dam. Often the apron is very long. Sometimes the hydraulic jump 
is used to build up a reverse eddy which should pile the material up at 
the end of the dam, rather than cut it away. At Mihleberg** “‘chi- 
canes’’ are used, as at Gatun. 

(9) Racks. — An interesting development is the self-cleaning 
turbine rack. The entrance space is divided vertically into two or 
more sections and one can be closed off at a time, inducing a reverse 
flow through the rack on the closed side, and carrying off any rubbish 
that may be piled against it. Augst-Wylan* on the Rhine was one of . 
the first of these installations, and Chancy-Pougny*® on the Rhdne is 
‘one of the newest. 

(10) REACTION TURBINES. (a) Francis.—The Francis type of 
runner made its appearance in Europe soon after it first began to be 
used in this country, and was originally called the ‘‘American type”’ of 
wheel. It has developed there very much along the same lines as 
here, proceeding from the ‘‘cut and try” stage to the development of 
rational theories which will produce reasonable results, and later going 
through gradual refinement. 

A few details will now be touched upon simply in the order in 
which they occur to the writer. 

There is in Europe but little demand for very large units, and the. 
Kanidera® turbines for Japan, developing 38,400 h.p. at a head of 440 
feet and 300 r.p.m., built by Escher Wyss, probably constitute the 
record for output. Rubber seal rings are unknown. A number of 
firms use labyrinth packing, but several prefer to place their reliance 
in flat deep rings, simply offering a long path of flow to the water. 
‘“Necked down” or bored out regulating links, to break if anything gets 
stuck in the gates, are not common. The turbines built under the: 


” 
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Piccard-Pictet patents by Neyret-Beylier & Piccard-Pictet in Grenoble 
and by the Atelier des Charmilles in Geneva usually have coil springs 
interposed in the link mechanism of each guide vane. The turbines 
built by Riva of Milan have no solid regulating ring. Each wicket 
gate shaft carries two arms cast in one piece and making equal and 
opposite angles with a radial through the turbine center line. Adjacent 


Fic. 11. — TURBINE AT VENTAVON, FRANCE 


Showing springs in the gate operating mechanism — Piccard-Pictet patents 


From: — Camerer ‘‘ Wasserkraftmaschinen”’ 


arms are connected, thus forming what is in effect a ring. Wooden 
guide bearings. for vertical shaft units have been built for foreign cus- 
tomers that had American purchasing engineers. Metal bearings, 
however, are standard in Europe. Speeds probably run a little higher 
there than here, 600 r.p.m. being not at all uncommon. Most of the 
thrust bearings are based on the Reynolds theory, with shoes which 
either tilt, deflect, or have a constant planed angle. 

(b) High Speed Turbines. — The units at Chancy-Pougny* prob- 
ably constitute the record for size. They pass 3,250 cubic feet per 
second. The head varies from 20.7 to 28.6 feet and the outside runner 
diameter is 17 ft. 7 in. These units are of the high-speed Francis type. 
There has also been a great deal of development in the way of axial 
and diagonal flow wheels. The Atelier des Charmilles is building a 
so-called conical turbine.*® The wheel is of the high-speed Francis type 
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Fic. 12. — SECTION THROUGH TURBINE AND PRESSURE REGULATOR 


Yomikaki Plant, Japan. — 22,000 h.p., 360 r.p.m., head 370 ft. 


For section through plant see Fig. 17. 


From: — Schweizer. Bauzeitung, May 10, 1924 
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and the wicket gates form a frustrum of a cone. This arrangement 
has been particularly successful in enabling larger units to be installed 
when rebuilding an antiquated plant. The Bell® turbine, which is of 
the screw type and really runs in the draft tube, is well known in this 
country, as it is being offered to the public by S. Morgan Smith. Escher 
Wyss is also building a similar turbine as well as the Kaplan* propeller 
wheel. All of the member firms of the Kaplan concern are making this 
type of wheel with either fixed or movable blades. The Lawcezeck!! 
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Fic. 13. — SECTION THROUGH CHANCY-POUGNY PLANT 
Courtesy of Mr. H. E. Gruner, Basle, Switzerland 


ETSI TS 


turbine gives high specific speeds and a reasonable efficiency at the point 
of best efficiency, but the curve is rather peaked. However, it is cheap 
to build and lends itself readily to the manufacture of large size units. 
Professor Lawczeck believes that some such units could profitably be 
installed in run of river plants to develop secondary power. When 
there is enough water to run them at all, they could always be run at 
best efficiency, and the plant regulation could be handled by the Francis 
or Kaplan units, which have a flatter curve. This is apparently the 
plan for Lila Edet.*? In Munich the experiment has been tried of 
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having several low head wheels drive pumps in series, producing high- 
pressure water to drive a Pelton wheel. A number of plants have also 
been built in Germany with vertical shaft turbines driving vertical 
shaft offset generators through herringbone gears.** The cost of the 
gearing, additional power-house superstructure, and capitalized value 
of the power losses was more than balanced by the saving in generator 
costs. The general feeling would seem to be that the problem of the 
axial flow turbine is not one of high speed itself, but rather one of erosion 
and of the efficiency that can profitably be sacrificed to high speed. 
A few plants have also been built with the Hallinger** disposition. 
The horizontal shaft wheels are placed in a housing within the power 
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Fic, 14. — REPLACEMENT OF OLD UNITs AT CHEVRES PLANT, SWITZERLAND 
‘Left — Old unit Right — New unit 
From: — Schweizer. Bauzeitung, Aug. 25, 1923 


house itself, the top of which is placed slightly above ordinary head- 
water level. The housing is kept full by siphon action. Among the 
advantages claimed are low foundation costs and accessibility. 

(c) Draft Tubes. — Several firms (Escher Wyss, for instance) have 
been using the Prasil tube for a number of years.*® This tube is based 
on the theory that the mean velocity across a plane perpendicular to 
the flow should vary in inverse proportion to the height of the plane 
above the floor of the tail race. Any one who cares to plot up such a 
curve can readily demonstrate the degree to which this condition is ful- 
filled in the modern American spreading type of tubes, although, of 
course, Professor Prasil had published his dissertation‘ many years 
before these devices were ever heard of. | 
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The Bell Company uses an elbow tube with a very long horizontal 
part. The discharge losses from the Bell helical turbine are said to run 
as high as 60 per cent, so the tube must regain very effectively, as their 
published overall efficiencies are rather good. Kaplan also recommends 
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Fic. 15. — GEAR Drive Unit AT HOHENSTEIN ON 
THE RUHR 


1,250 h.p., 60/750 r.p.m., head 14.1 ft. 
From: — Zeit. Vereines deutscher Ingenieure, April 12, 1924 


an elbow tube. There is no flare to the vertical portion, all the regain 
being accomplished after the bend is passed. 

(11) ARCHITECTURE. — Generally speaking, a great deal more 
attention is paid to the appearance of the power house itself in Europe 
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16. — HALLINGER TypgE OF SETTING 
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than is general in America. This applies to the interior as well as to 
the exterior. The theory, of course, is that the personnel will take better 
care of the equipment, and that the public will lend its support more 
readily to the enterprise. One of the most notable examples and one 
of the marked exceptions to this tendency observed by the writer were 


Fic. 17. — SECTION THROUGH YOMIKAKI PLANT 


Showing ‘‘PrAsil’’ type draft tube. For section through wheel see Fig. 12 


- both encountered in Spain. The plants of the Barcelona Company 
are mostly very plain, and the newest, Camarasa,” is as box-like a 
j rough concrete structure as could be found in this country. They make 
a particular point of explaining to visitors that, while they have the very 


best of equipment, none of the customers’ money is going to pay for 


frills. At the other extreme, the Unidn Eléctrica Madrilefia, at their 
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Fic. 19. — INTERIOR OF OLTEN-GésGEN PLANT, SWITZERLAND 


From: — Schweizer. Bauzeitung, 1920 
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Villalba* plant, have, in addition to a very nice power house, built 
attractive cottages for the employees and even a beautiful chapel. 
(12) INTERCONNECTION. — Interconnection: is going forward at 
almost as rapid-a pace as here. Most of the Swiss power systems are 
tied together through one of the two “‘buss-line companies,’ Schweizer- 
ische Kraftiibertragung, A.G., and Energie de l’Ouest Suisse, S.A. The 
Swiss also have a number of ties with the distributing systems of Baden, 
Alsace, and Northern Italy. France is also making rapid progress with 
interconnection, and is trying to co-ordinate the problem as much as 
possible with that of railway electrification. Eguzon®™ and the plants 


Fic. 20. — AuGsT-WYHLEN PLANT ON THE RHEIN 


Left end — German steam and hydro-electric plants 
Right end — Swiss hydro-electric plant and ship lock 


From: — Schweizer. Bauzeitung, 1914 


being built in the Massif Central®! for the Paris-Orleans railway will 
work in parallel with the steam stations of the Union d’Eléctricité, in 
the Paris region. , 

The advantages of connecting plants that have no storage with some 
that. have is keenly realized, and has led to several installations where ~ 
energy is stored by pumping water. The surplus power developed by 
the low head plants is used to pump water into the storage reservoir of 
a high head plant. Sometimes the water is pumped from a pond inter- 
mediate in elevation between the reservoir and its power house. In 
such cases the water, when used to develop power, will fall through a 
higher head than against which it was pumped. The Murgwerke,*” 
Waggital,°? and Illsee-Turtmann®* are three very modern examples 
of power plants with pumping installations. 


NGINEERS 


NL E 


, 


BOSTON SOCIETY OF CIV 


350 


SZ6T ‘Younz ‘yyeyos|[asox) uspudyossojinyeNy Jop 37e/Gssye(naNy — : wooly 
GNVTYAZLIMG ‘SINVIG IVLIOOYM, JO ATMIIOUG GNV NVI — ‘JZ ‘DIY 


8 “ 9 s ¥ € 2 ' 0  Gunsanyawojy 
oe Fi i ] T i f | co'Gop = quozZIuo}H 
Yi ——————--—----|___ mn 
fo Ma md ne. Pe BL 5] OGD : $ 
N : «fhe eo te fel 3 
TES My MMe ase “HOR Uayaysyanug ws H 
2 37 aa cea gag i 
a 89 Xe! ‘ og Sh eae Dp. of | | 
BRR aie eRe fren re NaS ee ha CA 
oo oe 4 ue 9 Cin r (ome 22389 fF 
é eer Oe et Bod Np —b) wis9c"woseg ueljorsyonsg=—— wivcig tc wee 
= a ay S & @, 89] Poy : SR TRL RET EES aoe, a ame 
za & te & - - aS SK 
UIUGAIC Pie a 2 “y = 00006 dsm 434549014 
é cy Pe ous ¢ = i & 
v a + 0 8 ‘) Seges > 4 
a C wa 4H SY * x a 
Sig ad Se 2 ef © 3 
3 R q 9 Sar 
WaduUanyay ae: ae 3 q RS d N a 
Cea a c 
U uv > Q 2 


sayy) oon 02 20% 004 08 0 008 aN 


EUROPEAN WATER-POWER PRACTICE 351 


(13) GOVERNMENT OWNERSHIP. — As in this country, everything 
exists from purely government to purely private ownership. One rather 
interesting type of set-up, however, is a regularly incorporated com- 
pany, a majority of the voting stock of which is held by the government, 
or jointly by several local governments. Most of the larger Swiss and 
a number of the German hydro-electric concerns are of this type. The 
system seems to operate pretty well so far as keeping politics out of 
business is concerned, and also assures a relatively low rate of interest 
on borrowed capital. It is, nevertheless, an open question as to whether 


the incentive to economy is as great as in a purely private undertaking. 
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Discussion 


PRror. CHARLES M. ALLEN:* I am going to ask Mr. Houston what 
he found in the way of research laboratories abroad? How did Pelton 
wheel efficiency there compare with that in this country? 

Mr. Houston: I don’t like to talk about efficiencies as I have no 
exact figures. The question of measurement of quantity, head, and 
output makes it a hard subject to discuss. It would be natural to 
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Fic. 22. — EFFICIENCY CURVE OF PELTON WHEEL 
Eget Plant in the French Pyrenees 
From: — Revue Générale de 1’Electricité, July, 1920 


expect that Pelton efficiencies run a little higher there than here, as they 
seem to have done more thorough and systematic research on them 
than we have. I believe that they consider about 87 per cent pretty 
good for medium sized units. They have some well-equipped labo- 
ratories, several of which have been in operation for a number of years. 
The trend in Europe is toward larger units, as it is here. Not long 
ago 10,000 h.p. was considered pretty big. Now 20,000 and 30,000 


* Professor of Hydraulic Engineering, Worcester Polytechnic Institute, Worcester, Mass.; President, 
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h.p. units are becoming the rule rather than the exception. When the 
head is sufficient and plenty of water is available, the tendency is natu- 
rally toward larger units and fewer in number in the power house, just 
as it is in this country. 

So far as ‘‘automatic’’ control is concerned, I believe there is very 
little of this going on in Europe. I have heard about something along 
this line being done in Scandinavia, but I-don’t know anything about 
it. I never happened to see an automatically controlled plant on the 
Continent. I don’t know whether there are any in existence. The 
reason may be that labor costs less there than here. But there are 
other advantages to automatic control, so they may be expected to 
gradually put it into use. 

Question: I should like to ask Mr. Houston what he knows 
about the location of transformers in European stations — whether 
they are outside or inside? 

Mr. Houston: There have been several outside transformer 
stations, and I believe they have been operating with considerable 
success. I think that there is a tendency in that direction. There is 
to be one at the plant of which I showed the slide of the aerial cableway.* 
That station will be located where they are pretty likely to have a good 
deal of snow a great part of the year. But they do not anticipate trouble. 
There are also quite a number of other stations. I think that a tendency 
in that direction is to be noticed. It is, however, coming much more 
slowly there than here. 

WiLi1AM D. HENDERSON:} In Europe there seems to be a wider 
choice of high-speed water-wheel runners for a given plant than exists 
in this country. .For example: taking three stations which are reason- 
ably comparable we find at the Chancy-Pougny development, which 
Mr. Houston has referred to, a Francis runner whose specific speed is 
about 120; at Lilla Edet, Sweden, two types of propeller runners both 
having specific speed of about 140; while at Kachlet, Germany, a Voith 
runner with a lower specific speed than the Francis runner at Chancy- 
Pougny, about 115. 

The rated heads at the latter plant and at Kachlet are nearly the 
same, — 26.7 and 25.1 feet respectively. The wheels at both plants 
develop about 7,500 h.p., yet one is a Francis runner 18 feet in diam- 
eter, and the other a propeller type 15 feet in diameter. 

At Lilla Edet the head is 21.3 feet. Both types of turbines installed 


* Oberhalsi Development of the Bernese Power Company. The outdoor substation will be at 
Meiringen (elevation about 2,000 feet). Both transformers and switches will be outside, 
t With Jackson & Moreland, Consulting Engineers, Boston, Mass. 


EUROPEAN WATER-POWER PRACTICE 357 


there develop a little more power than the two plants just mentioned, 
approximately 10,000 h.p., and in both the runners are about 19 feet in 
diameter. One of these types is the Lawaczeck wheel with steeply 
inclined blades, of which there are two, and the other, of which there is 
one, is an adjustable blade Kaplan turbine which, as Mr. Houston 
suggests, is intended to handle plant regulation because of its excellent 
“part gate”’ efficiencies. 


Fic. 23. — OUTDOOR TRANSFORMERS 
Basse-Isére Plant in central France — 6000/120,000 volts 
From: — La Houille Blanche 


In this country manufacturers would no doubt offer a propeller 
runner for a plant with the characteristics of Chancy-Pougny. I under- 
stand that the head there varies somewhat, perhaps from 27 down to 
20 feet. However, American manufacturers can give us a propeller 
wheel with a very flat envelope curve of the maximum efficiencies for 
each head in the range of 20 to 27 feet, or even a wider range. With an 
installation, as they have, of five comparatively small units, 7,500 [eps 
it would seem that fairly good regulation could be obtained without part 
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gate operation of any unit. A fixed blade propeller runner would not 
have as good part gate efficiencies, but certainly under ordinary condi- 
tions it would be much cheaper to purchase. 

It would be very interesting to know something about the reasons 
for selecting the Francis runner at Chancy-Pougny. I understand that 
they were cast in Czecho-Slovakia, and it occurs to me that conditions 
of European currency at the time they were purchased may have been 
a factor in their choice. Perhaps Mr. Houston can tell us something 
about the reasons. 

Mr. Houston: I don’t know as I can give you any reason for the 
selection of that runner. The plant was designed right after the war 
and has been in operation for about a year. I think, though, that 
efficiency was pretty important to them, and I believe that they were 
willing to pay the price for it. 

The head at Chancy-Pougny varies from 21 feet at a flow of 42,400 
c.f.s. to 32 feet at a flow of 4,240 c.f.s. The installation is for 43,000 
h.p. drawing 15,500 c.f.s. It is a “‘run of river” plant with the power 
house and dam in a line. The dam is all spillway section, consisting of 
four openings of 39.5 feet width. Each of the five 8,700 h.p. vertical 
shaft Francis wheels has a runner diameter of 17 feet 7 inches, and passes 
3,525 c.f.s. The generators are 7,000 k.v.a., 11,000 volts, 50 cycle, 
83.3 r.p.m. Some of the turbines were built by the Atelier des Charmilles 
in Geneva, and some by Escher-Wyss in Zurich. Mr. H. E. Gruner of 
Basle was the consulting engineer. 


QueEsTION: Has there been any trouble with Sficign sees of 
the water wheels? 

Mr. Houston: Assuming that the question refers to pitting in 
general, not at Chancy-Pougny in particular, I would say that there 
has been a good deal of pitting. In some places settling basins are 
utilized in order to get out the material that is in suspension. The wear 
on the turbine is materially decreased by having the water clean. Other- 
wise they always attempt to design the runner so as to have as little 
cavitation as possible. About all I can say is that they have a good 
deal of trouble there as here, and every one is striving to reduce it simply 
by correct hydraulic design, trying to so shape the blades as to eliminate 
it. 

Pror. Harotp K. BARRrows:* It is perhaps of interest to review 
the types of high-speed wheels designed and manufactured in this 
country. The ordinary reaction wheel reaches a specific speed of about 


* Professor of Hydraulic Engineering, Massachusetts Institute of Technology, Cambridge; also 
Consulting Engineer, Boston, Mass. 
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110 as a maximum, as illustrated by the S. Morgan Smith type “U” 
wheel. The James Leffel & Co. now makes a wheel — their type “‘B,” 


with a specific speed of about 148, constructed like a cut-away_Francis 
or mixed flow wheel, but without a runner band or shroud. 
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Fic. 24.— SECTION THROUGH THE KACHLET PLANT ON THE DANUBE 
Six Kaplan turbines developing 7,500 h.p. at 75 r.p.m. under a head of 25.2 ft. 
From: — The Engineer, Sept. 3, 1926 


The propeller types of wheels include: 


(1) The Nagler type ‘‘N. X.” of the Allis-Chalmers Company, with specific speeds 
ranging from about 140 to 175 or more. 

(2) The Moody diagonal runner of the I. P. Morris Dept. of Wm. Cramp & Sons, 
with a specific speed usually about 150. 4; 

(3) The Bell type of S. Morgan Smith Company, invented and originally developed 
by the Theodore Bell Company of Switzerland, with specific speeds ranging 
from about 140 to 200. 


The high speed or propeller type of wheel has the disadvantage of 
a rapid lowering of efficiency as the gate opening changes either way 
from the full load point (or gate of best efficiency). This disadvantage 
has been overcome by European manufacturers by the use of movable 
wheel blades. Perhaps Mr. Houston can tell us something of this 


device. 
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Mr. Houston: There is, of course, the Kaplan runner which is 
made by all the members of the Kaplan concern. There is an ese 
by which a number of turbine manufacturers have the right to ae a 
his patents. There have been one or two installations by Escher Wyss 
+1 Canada. The hub is built very large, and inside there is an arrange- 


Fic. 25, —— INTERIOR OF THE GRATWEIN PLANT NEAR VIENNA 
Two Kaplan turbines developing 3,540 h.p. at 167 r.p.m. under a head of 28 ft. 


Courtesy of J. M. Voith & Co., Heidenheim, Germany 


ment for changing the angle of the blades. Regulation is generally 
effected by means of a ring which goes around the turbine shaft, or else 
by means of a hollow shaft. Sometimes a double governor is provided 
and the blades change their angle automatically according to the load 
or head. In some cases the blade angles are adjusted occasionally by 
hand, just as sometimes occurs with the needle nozzle of a small Pelton 
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wheel, when the load changes are taken care of by a deflector. Regula- 
tion of the blade angles not only improves the “part gate”’ efficiencies, 
but also aids in reducing cavitation and in adapting the unit to a varia- 
tion in the head. 

PROFEssoR Barrows: For the discussion of Mr. Houston’s inter- 
esting paper the speaker has prepared a few remarks on the amount and 
distribution of water power in the different countries of the world. 

The water-power estimates of the United States Geological Survey, 
made in 1921 (‘Water Power of the World”), although superseded in 
some countries by later information, furnish the best means available 
for a comparative study of water-power resources. 

According to these estimates, developed water power totals about 
23,000,000 h.p., of which about half is in North America and mostly 
in the United States. Potential water power totals about 439,000,000 
h.p., of which about 43 per cent is in Africa, in regions where but little 
is likely to be used, the Congo River having in its basin alone about 
one fourth of the world’s potential water power. 

The total potential power noted is, however, the minimum, and 
corresponds approximately to the flow available 95 per cent of the time. 
If, therefore, all this water power were developed the wheel capacity 
would greatly exceed 439,000,000 h.p., perhaps two or three times this 
amount. Hence only about 2 per cent of the total available water 
power of the world has been developed as yet. 

Aside from Africa, the potential water power is fairly evenly di- 
vided between the various continents, each with 10 to 15 per cent of 
the total. 

Development of water power, especially in this country, is pro- 
ceeding rapidly. During the past few years new developments averaging 
about three quarters of a million h.p. yearly have been constructed, — 
the greatest activity prevailing in the South and in the Pacific States. 
The present developed water power in the United States is about 
11,000,000 h.p., — about 60 per cent east of the Mississippi River and 
mostly adjacent to the Atlantic coast. The great field for future water- 
power development is, however, in the West, — about 70. per cent of 
the potential water power being found in the Rocky Mountains and 
Pacific States. 

In the table (Fig. 26) are data of comparative. water-power re- 
sources for various selected countries and states. From this table it 
will be noted that Norway leads in developed h.p. per 1 000 population 
with 515 h.p., followed by Canada with 338 h.p. California, a little 
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larger in area than Norway, has, however, 425 h.p. per 1,000, and in fact 
the Pacific States average 383 h.p. 

Per square mile of area, Switzerland leads with 67 h.p., and far 
exceeds any other country in this respect. Of the divisions shown in 
the table, New York State is next with 31 h.p., followed by New Eng- 
land with 21 h.p. per square mile. 

Potential water power per 1,000 population is greatest in Norway and 
Canada for the larger divisions, although the Pacific States far exceed 
in this respect. Liberia apparently ranks high, — subject, however, to 
the uncertainty of less accurate data. : 

On the basis of area, Switzerland is first for potential water power 
(excepting possibly Liberia), followed closely by New York State, which 
includes, however, power at Niagara and on the St. Lawrence River. 

The foregoing comparative data must be regarded as only ap- 
proximate, but they will perhaps serve to give a brief picture of the 
amount and distribution of water-power resources and its development. 

C. H. Prerce:* In his ‘‘Observations on European Water-Power 
Practice,’ Mr. Houston has given us some interesting illustrations of 
the art of hydro-electric development as practiced in several of the 
important countries of Europe. The advantages of extensive inter- 
connection between systems and greater utilization of storage appear to 
be as clearly recognized there as they are here in the United States. It 
would be interesting if Mr. Houston could tell us something more in 
regard to the tendencies in European practice, that is, make comparisons 
between recent developments and those made prior to 1914. 

In the United States the tendency appears to be toward the use of 
larger sized units, and correspondingly fewer in number for the indi- 
vidual power station. This may be due to the desire for economy, as 
under most conditions the development with the smallest number of 
units will have the lowest first cost, other things being equal. The use 
of the propeller type, which is now being installed for heads up to 50 
feet, and some increase in the allowable speeds for Francis type tur- 
bines, have probably helped to promote this tendency. 

An illustration of the somewhat radical differences in plant layout 
which have taken place during the past few years may be seen in the 
case of two developments on the Connecticut River. The Vernon 
Plant of the New England Power Company has ten units, aggregating 
about 42,000 h.p. The head is about 35 feet and the drainage area is 
6,300 square miles. This plant was built in 1909 with eight units, the 


* With Charles T. Main, Inc., Boston, Mass. 
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two additional units being added in 1921. The same company now has 
in progress a development at Bellows Falls, where, with a head of about 
61 feet and a drainage area of 5,450 square miles, it is proposed to install 
three units aggregating 60,000 h.p. 

For a rough comparison of these two developments, both on the 
Connecticut River and with similar conditions of stream flow, the head 
times the drainage area at Bellows Falls, divided by the head times 
the drainage area at Vernon, gives a ratio of 1.51. The turbine rating 
at Bellows Falls, divided by the turbine rating at Vernon, giyes a ratio 
of 1.43. The ratio of drainage areas is 0.865 and the ratio of the number 
of units is 0.3. There is sufficient pondage for peak load operation 
of either plant, so that it would appear that the smaller number of units 
planned for in 1926, as compared with 1909, may be due to changes in 
ideas regarding the best method of hydro-electric development. 

Another illustration of this change in ideas, or development in the 
art of hydro-electric construction, is afforded by the Spier Falls Plant 
of the Adirondack Power and Light Corporation. This plant was built 
about fifteen years ago, and was designed for ten 5,000 h.p. horizontal 
shaft units under a head of 80 feet. In 1924 alterations were begun 
with the intention of replacing four of the units, using 9,000 h.p., vertical 
shaft turbines. Three of the most efficient of the original units have 
been retained, giving a total of 51,000 h.p., an increase of 1,000 h.p., but 
with seven units instead of ten as originally planned. 

Another tendency which may be observed in American practice 
is the increasing use of the automatic remote control station. A con- 
siderable number of small automatic stations have been built in Massa- 
chusetts and the other New England States during the past ten years, 
and recently some fairly large ones have been constructed. The most 
recent and the largest of these is the Sherman development of the New 
England Power System, now being built on the Deerfield River. This 
station is to have one 9,500 h.p. unit, under a 78-foot head, operated by 
long-distance (automatic) regulation from the Davis Bridge station, 
a distance of 244 miles. The same company now has a 6,000 h.p. unit 
at its Searsburg station, built in 1922, which is similarly operated, and 
the success of this installation is evident from the construction of the 
larger unit at Sherman. 

The Holyoke Water Power Company now has a remote control 
station of about 4,300 h.p. which was increased to its present size in 
1925 after four years’ experience with a 750 h.p. unit of the same type. 

Another large automatic station is the Sprite Creek Station of the 
Adirondack Power and Light Corporation, which develops 6,000 h.p. 
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under a net head of 370 feet. This unit is started and stopped by 
remote control from Ingram —a distance of 7.3 miles. 


Unfortunately, most of our American power developments have 


little of the picturesque or beautiful to offer. Economy of construction 
and efficiency of operation are sought for, the architectural features 


Fic. 27. — UprPpER ENpD oF 56-INCH Woop STAVE PIPE 


Showing granite dike which forms the barrier at outlet of Mystic Lake — 
Montana Power Company 


being often entirely overlooked. Indeed, it would be surprising if the 
management of an American power company should offer apology for 
the plainness of its structures. However, our developments are some- 
times made under scenic conditions which rival those to be found in 
Switzerland. 

The site of the Mystic Lake development of the Montana Power 
Company is located in the Beartooth National Forest Reservation in 
the south-central part of Montana. Prior to the construction of the 
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outlec dam the water surface elevation of Mystic Lake was 7,650 feet. 
The dam at the outlet raises the water 20 feet, to elevation 7,670. The 
lake is about half a mile wide and 214 miles long, and provides a storage 
of 20,500 acre-feet. The tributary drainage area is 50 square miles, 
from which the average run-off is 165 cubic feet per second. At the 


Fic. 28. — JOHNSON SURGE TANK — 118 FEET HIGH 


Upper end of pressure pipe — Mystic Lake Development 
of the Montana Power Company 


outlet there is a natural granite dike which resisted the glacial action 
which formed the lake. _ 
The waters of the lake are tapped at El. 7610 by a tunnel about 
6 x 7 feet in cross-section and 1,000 feet long, driven through the granite 
rock. From the outlet of the lake a 56-inch wood stave pipe about 
9,000 feet long twists along the mountain side at a grade of 0.004, with 
curves having a minimum radius of 250 feet, and with 11 steel elbows 
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of 15 feet radius. At its termination there is a Johnson surge tank 118 
feet high. The pressure pipe is of welded steel. It is 2,730 feet long 
and has a diameter of 48 inches at the upper end and 42 inches at the 
lower end, where it divides into two branches, each 28 inches in diameter 
and 111 feet long. The total operating head is 1,050 feet. 

The power house is somewhat different in appearance from most 
of our power stations — at least to the extent that architects disagree 


Fic. 29. — INTERIOR OF POWER HOUSE 


Showing one of the two 7,500 h.p. units. — Mystic Lake Development 
of the Montana Power Company 


as to its artistic appearance, whereas regarding many power houses their 
verdict would be unanimous. 

The roof is laid with Anaconda copper shingles. 

Inside the power house are two 7,500 h.p. overhung impulse wheels 
carrying two 6,250 kva, 3-phase, 60-cycle, 6,600-volt, 300 r.p.m. 
generators, with step-up transformers to 50,000 volts, and the neces- 
sary auxiliary and electrical equipment. 
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This plant was designed and built under the supervision of Charles 
T. Main, in 1923-24. The general contractor was Winston Bros. of 
Minneapolis. The total cost was about $115 a horse power. 

While not remarkable for its size or general features, it is believed 
that this plant is representative of the better class of hydro-electric 
developments now being made in the United States, and this brief 
description is submitted for the purpose of comparison with European 
methods. 
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PROGRESS ON DORCHESTER RAPID TRANSIT 


Extension to Fields Corner will Probably be in Operation 
by Next Labor Day 


The Dorchester Rapid Transit Exten- 
sion 1s one of the most important develop- 
ments in the improvement of passenger 
transportation facilities which has been 
undertaken in Metropolitan Boston. Col. 
Thomas F. Sullivan, the chairman of the 
Transit Depariment, City of Boston, has 
furnished our readers from time to time 
with information concerning this project. 
The following article details the awards of 
contracts for Sections Two and Three, a 
substation at Harrison Square, and the 
Columbia Station Entrance and Exit 
Building. In the January, 1925, issue 
Colonel Sullivan described the general 
scope of the project, and in the September, 
1925, issue furnished data relative to the 
contracts for Section K of the Dorchester 
Tunnel and Section One of the Dorchester 
Rapid Transit Extension. 


Proposals were received for the con- 
struction of Section Two of the Dor- 
chester Rapid Transit on August 17, 
1926, and the contract was awarded that 
day to A. G. Tomasello & Son, the 
lowest bidder. The ten bids received 
ranged from a maximum of $272,410 to 
the bid of Tomasello, at $255,910. 

This work consists of the construction 
of a roadbed, together with station plat- 
forms, approaches and passageways for 
surface cars and buses, installing con- 
crete floors on the present bridges, to- 


gether with certain high-speed equip- 
ment, such as conduits for a double-track 


‘third-rail extension connecting with a 


similar extension now under construction 
at Harrison Square and extending to 
beyond Geneva Avenue, a distance of 
one-half mile in length. The work in- 
cludes alteration and construction of 
bridges, retaining walls and foundations, 
concrete roadways, drainage systems, 
sewers, removal of buildings and re- 
grading. 

In order to carry on this work promptly 
it was necessary to secure the removal of 
train service on the Shawmut Branch 
between Harrison Square and Shawmut 
Junction. 

On August 31, 1926, eleven bidders 
submitted proposals for constructing 
Section Three of the Dorchester Rapid 
Transit, being the section from just 
south of Geneva Avenue to Peabody 
Square, Ashmont. It is about one mile 
in length, of which about 4,000 feet is to 
be covered, the tracks being depressed in 
order to abolish the existing grade cross- 
ings at Park Street, Melville Avenue, 
Mather Street, Centre Street and Welles 
Avenue. 

This work consists of the construction 
of a typical subway section of steel and 
reinforced concrete, and includes a side 
platform station between Centre and 
Mather streets. 
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The principal items consist of the re- 
moval of 80,000 cubic yards of earth 
excavation, 5,000 cubic yards of rock 
excavation and the installation of 1,500 
tons of structural steel and rods, with 
about 17,000 cubic yards of concrete. 
The contract was awarded to C. & R. 
Construction Company, the lowest bid- 
der, at $626,550. The maximum bid 
was $1,060,400. The estimated time to 
complete this section is 300 days, and 
includes the rebuilding on wider lines 
of the existing wooden bridge at the 
junction of Dorchester Avenue and 
Talbot Avenue. 

On October 5s, thirteen bidders sub- 
mitted proposals for building a sub- 
station at Harrison Square, which will 
be the first of several substations to be 
operated for the purpose of furnishing 
power for the Dorchester Extension. 
The contract was awarded to John P. 
Curley, the lowest bidder, at $17,830, 
the work to be completed in three 
months. 

On September 14, John P. Foley & 
Sons, the lowest bidder, was awarded a 
contract at $43,920 for erecting Columbia 
Station Entrance and Exit Building; 
which will be the first station beyond 
Andrew Square of the Dorchester Rapid 
Transit Extension. The Columbia Sta- 
tion is located on Columbia Road at 
Mount Vernon Street. 

Plans are being prepared for the 
station buildings at Savin Hill and Fields 
Corner, with a view to opening up the 
extension as far as Fields Corner by 
Labor Day next year. 


Metropolitan Planning Divi- 
sion Activities 


In addition to its general work, the 
Metropolitan Planning Division was 
instructed by the Legislature of 1926 to 
report on several special topics. These 
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reports are required to be submitted on 
or before December 1, 1926. 

The most important of these will be 
the report on a comprehensive scheme 
for the extension and development of 
rapid transit service within the Metro- 
politan District, including the further 
correlation of steam and electric lines 
operating in the vicinity of Boston, and 
in connection therewith recommenda- 
tions as to the methods of financing and 
operating the same. 

It is easy to say that a rapid transit 
line should be extended in a certain di- 
rection or to reach certain points. The 
justification of such an extension is a 
matter to be proven by cold, hard facts, 
which will demonstrate the usefulness of 
increased facilities and the justification 
for the extensive expense involved. 

The forthcoming report of the Plan- 
ning Division will deal not only with the 
necessities for certain rapid transit ex- 
tensions but will submit a financial plan 
for putting the same into effect, with a 
discussion of the economies effected by 
more efficient methods of handling the 
traffic. 

Extensions of rapid transit usually en- 
tail a more or less extensive adjustment of 
existing service, whereby economies are 
effected which tend to justify what other- 
wise might appear to be too great an out- 
lay. The subject matter of the forth- 
coming report has received much careful 
attention and study by the Division and 
its corps of engineers and experts. 

Another special matter referred to the 
Division is the re-establishment of the 
harbor lines of the Charles River in the 
rear of the North Station of the Boston 
& Maine Railroad. Extensive improve- 
ments in the freight and passenger yards 
of this railroad at East Cambridge and 
Somerville are at present under way, ac- 
cording to plans already adopted. The 
future development of the passenger and 
terminal facilities will require a re-estab- 
lishment and rebuilding of the North 
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Station and its appurtenances, and to do 
this effectively, changes in the harbor 
lines of the river are essential, not only 
to provide additional trackage for the 
passenger trains within the station, but 
as a measure of economy in substituting 
solid filling for the large areas of trestle 
construction now supporting a large por- 
tion of the passenger tracks entering the 
station. 

The authorities of Medford are of the 
opinion that an additional bridge is re- 
quired between the Wellington Bridge 
and Craddock Bridge over the Mystic 
River, and a special resolve of the Legis- 
lature requires the Division to investi- 
gate and report on such a project. 

Among its general recommendations, 
the Division will have numerous sugges- 
tions for the improvement of the highway 
system of the Metropolitan District, not 
only in the line of extensive improve- 
ments, but also minor details in various 
localities which it is expected will aid 
materially in the convenience of the 
traveling public. 


Boston & Maine Improves 
Freight Facilities at Boston 


At the present time the Boston & 
Maine Railroad has under way terminal 
improvements, the basis of these im- 
provements being the concentration of 
all freight houses and bulk delivery busi- 
ness now handled at four different freight 
yard locations —namely, East Cam- 
bridge, Minot Street, Warren Bridge and 
Rutherford Avenue,—at one central 
point. 

After one year’s careful study, East 
Cambridge was selected as the point for 
this freight house concentration, and on 
January 1 the first step toward same was 
made by discontinuing all freight busi- 
ness at Minot Street, Boston, and moving 


_ Cambridge. 


Svat 


the same into Houses 7 and 8 at East 
This concentrated all the 
Southern Division freight service at the 
one point. 

The second step, that of bringing the 
Fitchburg Division freight business from 
Warren Bridge to East Cambridge, is 
now under way. This necessitates moy- 
ing the Southern Division main line 
tracks now passing through East Cam- 
bridge to a new location at the south side 
of the so-called McLean Asylum hill; 
the reconstruction of the present yard 
No. 8 in Somerville, so as to provide for 
the quick handling and sorting of South- 
ern Division freight; and the relocation 
of the present Fitchburg Division main : 
line tracks on the north side of Millers 
River; and the reconstruction of freight 
yards Nos. 14 and 15, so as to provide for 
the entrance of the Fitchburg Division 
freight business. 

To handle the additional freight in 
East Cambridge, rearrangements of 
tracks are being made and new freight 
house facilities being built near the pres- 
ent Prison Point Bridge. The plans pro- 
vide for a two-story freight house 380 
feet long and an additional section 200 
feet long, one-half of which is now being 
built of concrete, six stories high, to 
provide for warehouse facilities. Two 
covered platforms approximately 600 feet 
long are to be built, 

In order to provide bulk yard space, 
replacing that lost in building new freight 
houses, and also to cover space necessary 
on account of moving from Warren 
Bridge to East Cambridge, it is planned 
to build a bulk delivery yard in the area 
around East, Short, Water and North 
streets, where the city of Cambridge has 
been petitioned to vacate the streets. 
At this point it is planned to build a yard 
holding approximately 170 cars, and pro- 
viding for automobile unloading service 
at the same time. 

It is now planned to have these new 
facilities in service January 1, 1927, at 


Sie, 


which time they can accommodate the 
bulk and freight house business now 
coming from the north and over the 
Southern Division and handled at Minot 
Street and East Cambridge. and all the 
business coming from the west over the 
Fitchburg, now handled at Warren 
Bridge. 

The third step is that of complete con- 
centration, which means bringing over 
the Portland Division business coming 
from the east and north and now handled 
at Rutherford Avenue and adjoining ter- 
ritory in Charlestown. In order to ac- 
commodate this service, plans are being 
made for an extension next year in the 
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Charles River, for which the last State 
Legislature passed an act changing the 
harbor line on the north side of the 
Charles River, and for which change the 
approval of the War Department is now 
being awaited. 

With this approval and proper author- 
ity from the State it is planned to fill for 
additional bulk tracks and for an exten- 
sion of 800 feet to the new freight house 
being built this year, as well as to the two 
covered platforms. This work will also 
require reconstruction of yards Nos. 9 
and to on the Portland Division side of 
Washington Street. 


PROCEEDINGS OF THE SOCIETY 


MINUTES OF MEETINGS 
Boston Society oF Crvil ENGINEERS 


May 19, 1926. — A regular meeting of 
the Boston Society of Civil Engineers was 
held this evening in Lorimer Hall, Tre- 
mont Temple, Boston, and was called to 
order by the President, C. M. Allen, at 
7.20 p.M. There were about 100 members 
and guests present. 

The minutes of the previous meeting 
(March 17, 1926) were approved as 
printed in the April JoURNAL. 

The Secretary announced that the 
Board of Government had elected the 
following to membership: 

April 21, 1926. Members: Walter H. 
Lee,* William H. Mueser,* Charles Ter- 
zaghi. Juniors: Leon R. Briggs, Charles 
A. Fitts, Erling A. Hanson, Arthur D. 
Martin, Herbert Albert Wilson. 

May 19, 1926. Members: Alexander S. 
Addison, Wallace S. Carson, Stephen J. 
McNamara, Porter O. Robinson, Edward 
H. Thompson, Leon B. Turner, Louis H. 
Waters, Elmore L. Dearborn,* Joseph P. 
Furrier,* David C. Milne.* Juniors: 


Robert C. Chapin, 
Arthur N. Rae. 

The President announced that Clarence 
T. Fernald, a member of the Society since 
March 21,1900, had died on May 11, 1926. 
He stated that a committee would be ap- 
pointed to prepare a memoir. 

The President stated that the Board of 
Government had voted to omit the regu- 
lar June meeting and to hold an outing 
on June 22 jointly with the New England 
Water Works Association, the outing to 
be held at the New Ocean House, Swamp- 
scott, the details of which are to appear in 
the June Bulletin of The Affiliated Tech- 
nical Societies of Boston. 

The President then introduced Edward 
P. Warner, Professor of Aeronautical 
Engineering, M. I. T., and head of the 
course in Aeronautical Engineering which 
has been recently established, who gave 
an interesting talk on ‘‘The Engineering 
of the Modern Airplane.” Professor 
Warner presented a most interesting pic- 
ture of the development of the airplane, 
stressing those points of design and con- 
struction of particular interest to the 


Israel Goldberg, 


*Transferred from grade of Junior. 


PROCEEDINGS OF THE SOCIETY 


civil engineer, and then told of the recent 
developments in commercial aviation both 
here and abroad. 

After discussion, during which Professor 
Warner answered numerous questions, a 
rising vote of thanks was given to him for 
his courtesy in presenting this interesting 
paper. 

Adjourned about 9.00 p.m. 

J. B. Bascock, Secretary. 


SEPTEMBER 22, 1926. A regular meet- 
ing of the Boston Society of Civil Engi- 
neers was held this evening in Chipman 
Hall, Tremont Temple, Boston, and was 
called to order by the President, Charles 
M. Allen, at 7.15 p.m. There were about 
125 members and guests present. 

The President stated that if there were 
no objections the minutes of the previous 
meeting (May 19, 1926) would stand 
approved as printed in the JOURNAL. 

The Secretary reported for the Board 
of Government the names of those elected 
to membership: 

June 16, 1926. Members: Charles O. 
Baird, William R. Butterfield, Joseph E. 
Cahill, Edmund J. MacDonald,* Edwin 
B. Murdough,* Robert B. Stephens, Jr., 
Henry M. Wilkins.* 

September 22, 1926. Members: Henry 
B. Campbell, Richard L. Senior. Juniors: 
Nathan S. Brustin, Irving H. Call, 
Thomas G. Giblin, Joseph W. Kalinsky, 
Leroy S. Moultrop. 

The President announced the death of 
the following members: Desmond Fitz- 
Gerald, an Honorary Member and Past 
President of the Society, who died on 
September 22, 1926; David A. Hartwell, 
a Member of the Society since March 18, 
1903, who died on August 3, 1926; and 
Willard C. Tannatt, Jr., a Member of the 
Society since April 2, 1909, who died on 
September 4, 1926. 

The President announced that commit- 
tees would be appointed to prepare 
memoirs. 

The Secretary reported that the Board 
of Government had recommended to the 
Society that it pass the following vote: 


That the Board of _ Government be 
authorized to use the income from the 
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Permanent Fund for the current year to 
such an extent as they deem necessary in 
payment of the current expenses of the 
Society. 


Upon presentation of this matter to 
the Society, it was voted that this recom- 
mendation of the Board be adopted. 
(This matter will require final action at 
the next meeting.) 

President Allen then introduced Mr. 
A. J. R. Houston (with Stone & Webster, 
Inc.), who gave an illustrated talk on 
“Some Observations on European Water- 
Power Practice.’’ Following Mr. Hous- 
ton’s paper, Prof. H. K. Barrows showed 
some slides illustrating the distribution 
of developed and potential water power 
throughout the world. Mr. C. H. Pierce 
then spoke of some trends in American 
water-power practice and illustrated his 
talk with slides, showing typical water- 
power developments in this country. A 
general discussion followed, in which Mr. 
Houston elaborated certain points brought 
out in the discussion. 

A vote of thanks was given to Mr. 
Houston for his courtesy in presenting 
this paper. 

In view of the fact that the death of 
Mr. Desmond FitzGerald had been an- 
nounced at this meeting, Mr. John C. 
Chase spoke briefly on Mr. FitzGerald’s 
activities, with particular reference to his 
interest in the Society and the interesting 
lectures he had preserited. Mr. Chase 
told of having recently met Mr. Randall 
L. Jones, Publicity Manager of the Union 
Pacific Railroad, who said that Mr. Fitz- 
Gerald had been about the first person to 
take photographs in Zion Park, Utah, 
and that it had been necessary for him to 
transport his camera seventy miles on 
mule back to get these photographs. 

Meeting adjourned 9.15 P.M. 

J. B. Bascock, Secretary. 


DESIGNERS SECTION 


May 12, 1926.— The regular May 
meeting of the Designers Section of the 
Boston Society of Civil Engineers was 
held in the Affiliation Rooms, and was 
called to order at 6.05 p.m. by the Chair- 
man, Waldo F. Pike. 
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In the absence of the Clerk the Chair- 
man appointed Kenneth C. Reynolds as 
Clerk pro tem. : 

The minutes of the April meeting were 
read and approved. 

The Chairman introduced the speaker 
of the evening, Benjamin W. Guppy, En- 
gineer of Structures, Boston & Maine 
Railroad. Mr. Guppy gave an interesting 
talk on ‘‘The Maintenance of Structures, 
including Inspection, Reports, Repairs 
and Records.” 

Mr. Lewis E. Moore also related some 
interesting experiences regarding the 
maintenance of bridges. 

There were 31 members and visitors 
present. The meeting adjourned at 7.30 
P.M. 

KENNETH C. REYNOLDS, Clerk pro tem. 


OcToBER 13, 1926. — The regular Octo- 
ber meeting of the Designers Section of 
the Boston Society of Civil Engineers was 
called to order at 6.08 p.m. in the Affilia- 
tion Rooms. 

The reading of the minutes of the pre- 
vious meeting was omitted. 

The Chairman introduced Mr. Thomas 
H. Frost of the Physics Department of 
M,. I. T., who talked on the ‘‘Photo- 
elastic Method of Analysis of Stress Dis- 
tribution.”” The talk was illustrated with 
numerous lantern slides. 

There were 30’members and visitors 
present. The meeting adjourned at 7.15 
P.M. 

Scott Kerry, Clerk. 


APPLICATIONS FOR 
MEMBERSHIP 


[October 15, 1926] 


THE By-Laws provide that the Board 
of Government shall consider applica- 
tions for membership with reference to 
the eligibility of each candidate for admis- 
sion and shall determine the proper grade 
of membership to which he is entitled. 

The Board must depend largely upon 
the members of the Society for the infor- 
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mation which will enable it to arrive at a 
just conclusion. Every member is there- 
fore urged to communicate promptly any 
facts in relation to the personal character 
or professional reputation and experience 
of the candidates which will assist the 
Board in its consideration. Communica- 
tions relating to applicants are considered 
by the Board as strictly confidential. 

The fact that applicants give the names 
of certain members as reference does not 
necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not con- 
sider applications until the expiration of 
twenty (20) days from the date given. 


For Admission 


CuAsE, Lourts ABBoT, Winthrop, Mass. 
(Age 46, b. Malden, Mass.) From 1899-— 
1912 with Aspinwall & Lincoln; 1912-19 
with Massachusetts Land Court; 1919- 
22 with Aspinwall & Lincoln; 1920-26 
(part time and full time), Registry of 
Deeds, Suffolk County; at present with 
Aspinwall & Lincoln. Refers to C. R. 
Berry, Channing Howard, C. B. Hum- 
phrey, W. J. Sullivan. 

Davis, HERBERT GIBBS, Braintree 
Mass. (Age 18, b. Revere, Mass.) En- 
tered Northeastern University in Septem- 
ber, 1924. During work periods has been 
employed by E. W. Branch. Refers to 
H. B. Alvord, E. W. Branch, W.S. Carson, 
J. W. Ingalls. 

Duwart, RoGER F., Gloucester, Mass. 
(Age 19, b. Gloucester, Mass.) At present 
a junior in Northeastern University. 
During work periods has been with the 
Essex County Engineer, Salem, Mass. 
Refers. to G. ©. Baird) CG. Ss Eib Reers 
Evans, J. W. Ingalls. 

Foster, ROBERT STANDLEY, JR., Bev- 
erly, Mass. (Age 21, b. Beverly, Mass.) 
At present a student at Northeastern 
University. From April to September, 
1925, was rodman for Essex County 
Engineering Department; from March to 
April, 1926, was rodman for Turner Con- 
struction Company; from April to Sep- 
tember, 1926, with Massachusetts Depart- 
ment of Public Works, Division of High- 
ways. Refers to W. J. Alcott, Jr., C. O. 
Baird, C. S. Ell, J. W. Ingalls. : 
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GUERIN, FREDERIC WILLIAM, Worcester, 
Mass. (Age 27, b. Worcester, Mass.) 
Graduate of Mass. Inst. Tech., 1923. 
Draftsman, Norton Company, Engineer- 
ing Department, Worcester, Mass.; as- 
sistant senior engineer, Massachusetts 
Department of Public Works, 1924 to 
present time. Refers to A. B. Appleton, 
W. G. Classon, R. W. Coburn, R. A. 


Vesper. 
HARMAALA, JOHN ONNI, Gloucester, 
Mass. (Age 20, b. Gloucester, Mass.) 


Entered Northeastern University Sep- 
tember, 1923. Employed as a rodman by 
Bradford & Weed, Lynn, from April to 
September, 1924; during sophomore year, 
during work periods, with R. R. Evans, 
and continuously by him from May, 1925, 
to June, 1926, as transitman, and occa- 
sionally chief of party. Now a Junior at 
Northeastern University. Refers to H. B. 
Alvord sO./ Bard; CG. 2S,_ Ell; -Re -R. 
Evans, J. W. Ingalls. 

Houston, ALBERT J. R., Boston, Mass. 
(Age 27, b. San Francisco, Cal.) Gradu- 
ate of University of California, 1920; 
S.M. from Massachusetts Institute of 
Technology, 1922; special student in hy- 
draulics, Eidg. Tech. Hochschule, Zurich, 
one year. From 1922-23 (six months) 
with Great Western Power Company; 
three months in 1924 tunnel driving in 
Switzerland; six months, same year, hy- 
draulic turbine design, Zurich; and ten 
months in 1925, reinforced concrete 
design, Paris; since May 17, 1926, with 
Stone & Webster, Inc.; as draftsman. 
Refers to J. B. Babcock, H. K. Barrows, 
S. K. Cohen, H. A. Hageman, C. M. 
Spofford. . 

KitiaM, ALLIson Lynps, Lynn, Mass. 
(Age 19, b. Lynn, Mass.) Entered North- 
eastern University in September, 1924, 
civil engineering course. During the 
school year 1925-26 co-operated with the 
firm of Bradford & Weed, Lynn. Refers 
to W. J. Alcott, Jr., H. B. Alvord, C. O- 
Baird, J. W. Ingalls, W. E. Nightingale. 

KNOWLTON, CHARLES. WILLIAM, Som- 
erville, Mass. (Age 20, b. Somerville, 
Mass.) Enrolled at Northeastern Uni- 
versity in January, 1925. Refers to H. B. 
Alvord, ‘C.°O. Baird,=C. S. EN, J..W. 
Ingalls. 
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LEUSSLER, JAMES A., Boston, Mass. 
(Age 20, b. Boston, Mass.) At present a 
Junior at Northeastern University; dur- 
ing work periods is with Aspinwall & 
Lincoln. Refers to H. B. Alvord, C. O. 
Baird, J. W. Ingalls, E. H. Lincoln. 

PITMAN, WILLIAM Henry, Salem, Mass. 
(Age 19, b. Salem, Mass.) At present a 
student at Northeastern University in 
civil engineering. During work periods 
has been with the city of Lynn, engineer- 
ing department, and Aspinwall & Lincoln. 
Refers to H. B. Alvord, C. O. Baird, C. S. 
Ell, J. W. Ingalls, E. H. Lincoln. 

PorKIN, JosEPH D., Fall River, Mass. 
(Age 19, b. Fall River, Mass.) At present 
a student at Northeastern University. 
Refers to H. B. Alvord, C. O. Baird, C.S. - 
Ell, J. W. Ingalls. 

ROBERTS, ALBERT ARTHUR, Win- 
chester, Mass. (Age 23, Wilmington, 
Mass.) At present a student at North- 
eastern University in civil engineering. 
During co-operative periods is employed 
by Henry F. Bryant, Brookline. Refers 
to C. O. Baird, H. F. Bryant, W. A. Bry- 
ant, J. W. Ingalls, G. W. Sawin. 

SPOFFORD, FostTER RAwson, Berlin, 
Mass. (Age 20, b. Philipsburg, N. J.) 
At present a senior student at Tufts Col- 
lege in civil engineering. Refers to Rob- 
inson Abbott, H. P. Burden, P. P. Pasqua- 
lino, E. H. Wright. 

WILBER, Kart Harry, Brookline, 
Mass. (Age 23, b. Trenton, N. J.) June, 
1920, to January, 1921, assistant to effi- 
ciency engineer, Du Pont Plant; Febru- 
ary, 1921, to September, 1924, assistant 
to city engineer, South Amboy, N. J. 
Entered Northeastern University in Sep- 
tember, 1924, and during work periods is 
assistant to city engineer, South Amboy, 
Noe ® Refers: to, Hs) Bs Alvord @C.1@: 
Baird, E. L. Dearborn,.C. S. Ell, J. W. 
Ingalls. 

Winco, Norman M., Framingham, 
Mass. (Age 20, b. Boston, Mass.) En- 
tered Northeastern University, School of 
Engineering, September, 1924. During 
work periods has been employed by J. J. 
Van Valkenburg at Framingham. Refers 
to W. J. Alcott, Jr., H. B. Alvord, C. O. 
Baird, J. W. Ingalls, W. E. Nightingale, 
J. J. Van Vaikenburg. 
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For Transfer from Junior. 


Fox, VERNALD Wapsworts, North 
Attleborough, Mass. (Age 26, b. Alton, 
Me.) Attended Northeastern University 
one school year and a summer course, and 
later transferred to Tufts Engineering 
School, where he attended half a school 
year, leaving on account of illness. From 
April to October, 1923, was employed by 
the Boston & Maine Railroad as struc- 
tural draftsman and assistant on a bridge 
survey; with Stone & Webster, Inc., 
nearly a year. At present is transitman 
in Division of Highways, Massachusetts 
Department of Public Works. Refers to 
W. J. Alcott, Jr., J. B. Babcock, Pusey 
Jones, Anselmo Krigger, E. D. Mortenson, 
O. H. Tripp, Charles Weller. 


NEW MEMBERS 


Member 


RicHarpD L. Senror, 73 Cloigui Avenue, 
New Rochelle, N. Y. 


Junior 


IrvinGc H. Catt, 229 Arlington Street, 
Wollaston, Mass. 


DEATHS 


DEsMOND FitzGERALD ._ Sept. 22, 1926. 
Henry B. Woop Sept. 28, 1926. 


BOOK REVIEW 


““ Movable Bridges. Vol. I. Superstruc- 
ture,” by Otis E. Hovey, Assistant Chief En- 
gineer, American Bridge Company. Ist 
Edition, 1926. John Wiley & Sons, Inc., 
New York. 352 pages.* 

This work, by the distinguished Assist- 
ant Chief Engineer of the American 
Bridge Company, will not disappoint 
those who have been waiting for it. 

Besides treating the subject in the usual 
manner, a governing idea in the mind of 


* Reviewed by George F. Swain, Gordon McKay, Professor of Civil Engineering, 
School; also Consulting Engineer, Cambridge, Mass. 
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the author is suggested in the preface, 
where he says: ‘‘Few have discussed the 
special problems peculiar to the arrange- 
ment and design of the machinery... . 
One of the objects of the book is to collect 
and arrange the best of this material in 
convenient form for study and use, and to 
put the results of original investigations 
and the lessons learned from long experi- 
ence before fellow engineers, in the hope 
of rendering a real service to the profes- 
sion.” 

The author has accomplished this ob- 
ject. The book is a valuable contribution 
to the literature of the profession, and fills 
a gap which has long existed. 

Chapter 1 gives a good historical review 
of movable bridges, from generally inac- 
cessible sources. Chapter 2 classifies and 
describes the types of movable bridges, 
with excellent suggestions regarding the 
applicability of each type, and some sta- 
tistics regarding cost and maintenance of 
some types. Chapter 3 describes the va- 
rious forms of swing bridges, and gives 
formule and diagrams for weights. Chap- 
ter 4 does the same for bascule bridges, 
and gives a list of the patents on this form. 
Chapter 5 does the same for vertical lift 
bridges. Chapter 6 gives the well-known 
theory of continuous girders; and Chap- 
ter 7 gives its application to swing bridges. 
Chapter 8 treats of the analysis of bascule 
bridges. Chapter 9 contains an excellent 
discussion of the elastic deformations of 
beams and girders, for varying section, by 
several methods, and of the deflection of 
trusses. Chapter 10 treats of details of 
design, and contains valuable practical in- 
formation regarding end lifts, camber, cen- 
ter bearings and discs. Chapter 11 deals 
with rail joints, Chapter 12 with counter- 
weights, and Chapter 13 with operators’ 
houses. 

There is an interesting appendix on the 
stresses in discs, in which the author at- 
tempts to find the stress between two 
discs of slightly different radii when 
pressed together. There are solutions for 
this problem and for the stress between 
planes and rollers, but they disagree with 
each other and with experiment, and are 
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unsatisfactory. The reader will have an 
opportunity to polish his wits in finding 
out whether the author has obtained a 
correct solution of this difficult problem. 

There is also an appendix dealing with 
the treads of rolling lift bridges. Both 
these appendices are original. 

The book contains a great deal of valu- 
able practical information as well as the- 
ory, and should be in the hands of every 
engineer who is concerned with movable 
bridges. 

It is not the purpose of this review to 
pick flaws, which exist in every human 
work. It may be suggested, however, that 
the reading of the book would be facili- 
tated if the figures were not merely num- 
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bered, but if they had titles and more ex- 
planatory notes, where applicable. This 
is a minor matter which may be corrected 
in future editions if thought best. Alto- 
gether, the author and the publisher are 
to be congratulated on having produced 
a distinctly valuable addition to engineer- 
ing literature. 

It was originally intended that the 
author’s work should appear in one vol- 
ume. It has, however, been found desir- 
able to divide it into two, of which this is 
the first. The second, which I understand 
will follow shortly, will contain fourteen 
chapters, dealing largely with the power, 
machinery, and materials used, with three 
appendices. 
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Library 
Joun B. Bagcock, 3d, Chairman 

Howarp A. Gray James W. INGALLS 
Everett N. Hutcuins RicHarD G. TYLER 


Legislative ‘Matters 
Ricoarp A. HALE, Chairman . 
Joun N. FeRGuson Frank O. WHITNEY 


Subsoils of Boston 


Harry E. SAWTELL, Chairman 
Herywoop S, FRENCH | 


CuHarLes D, KiIRKPATRICK 
ALBERT C. TITCOMB ; 


Henry S. ADAMS 
IrvinGc B. CrosBy 


Social Activities 
' Hucn D. CsAsE, Chairman 


Epwarp S. AVERELL GeorGcEe A. Haskins 
_Henry BRAsK Howarp J. SpRoTT. 
Fritz F. HAMPE BenjaMIN E. SULLIVAN 


Curistos HARMANTAS CARL A. WoLFRUM 
Harry I. WYNER 


LIBRARY AND MEETING PRIVILEGES ARE EXCHANGED WITH 
THE FOLLOWING ORGANIZATIONS: 


American Institute of Electrical Engineers, 33 West 39th Street, New York. 
American Institute of Mining and Metallurgical Engineers, 29 West 39th 
Street, New York. 

American Society of Civil Bagineees) 33 West 39th Street, New York. 
American Society of Mechanical Engineers, 29 West 39th Street, New York. 
Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, N. ¥. 

Cleveland Engineering Society, Hotel Winton, Cleveland, Ohio. 


Detroit Engineering Society, 478 Alexandrine Avenue West, Detroit, Mich. _ 


Engineering Association of Nashville, Chamber of Commerce Building, 
Nashville, Tenn. 


Engineering Institute of Canada, 176 Mansfield Street, Mantreal Canada. 


Engineers Club of Baltimore, Bickford Building, 6 West Fayette Street, 
Baltimore, Md. 


Engineers’ Club of Dayton, cor. Monument aves and Jefferson Street, 
Dayton, Ohio. 


_ Engineers’ Club of Kansas City, Secretary’s Office, Room 301, Dwight Build- 
ing, Kansas City, Mo. 


Engineers’ Club of Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 
Engineers’ Club of St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Club of Toronto, 96 King Street West, Toronto, Canada. 
Engineers’ Society of Pennsylvania, 31 South Front Street, Harrisburg, Pa. 


Engineers’ Society of Western Pennsylvania, William Penn Hotel, Pitts- . 


burgh, Pa. 


Louisiana Engineering Society, State Museum Building, Jackson Square, 
New Orleans, La, 


Montana Society of Engineers, Butte, Mont. 


Rochester Engineering Society, Carnegie Building, University of Rochester, 
Rochester, N. Y. 


Technology Club of Syracuse, 1158 Onondaga Hotel, Syracuse, N. Y._ 
Vermont Society of Engineers, Northfield, Vt. t 
Western Society of Engineers, 1735 Monadnock Block, Chicago, Il. 


THESE COURTESIES DO NOT INCLUDE CLUBHOUSE PRIVILEGES 


awe 


